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(54) FARADAY ROTATOR. OPTICAL ISOLATOR. POLAFHZER. AND DIAMOND- LIKE CARBON THIN FILM 

(5 7) Abstract: 

PROBLEM TO BE SOLVED; To provide a compact and iow~cost Faraday rotator, a 
polarizer (analyzer), a magnetic body, and an optical isolator, and to provide a new 
material that is useful for the miniaturization, low cost, high performance, and the 
like of the Faraday rotator and the optical isolator that can cope with a plurality of 
wavelengths, various optical devices, and the like. 

SOLUTION: For example, an optical isolator 60b is composed by arranging a 
Faraday rotator 30 having wavelength selectivity, a polarizer 20 and an analyzer 40 
that are formed by a DLC thin film, and a magnetic body 50 that is transparent to 
light on a straight line. They are formed integrally by a thin film lamination 
technique, thus simplifying manufacturing processes, and manufacturing a compact 
and low— cost optical isolator. 
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(57) [^*^] 

U-C3S^?t^^'h^i2^ 5 O i: ^ — m#_bt3i@as-r ^ r. t:i 



50 20 30 40 50 




30-2 30-1 30-2 



1 t^tB«feO :7 7- ^ IHISk^o 
[fS^^tr^S] HufE^^^^^*:f^. K ^ l^./^i^^^f- 
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^ ^ ^if^m^ -^^f»^:cg 1 1 t^f Safeco ^■7'--r Vl^ — 

lo liS^^i 3] ftfrfa^^-sc^^^*:. itrfE^'h^^*:. mmm 
^ ^ FBI >l:t U -C ^ ie>^ ^ ^ ^ =3? — t-— ^ 

2^Jft<7) 1200 nm;0^^ 1 7 O O n m tCI*3 V ^TT J'^^'^^ 

30 f:±. 3feM*^tv::*3V^-ci^?^-e. 1 2 0 

OnmTb^^l 700n m f;:i*3 1/ ^ "C r^^'^^:*^ 3 X 1 O ^ 

[W^iM 1 9 ] ttrts^'-r K^--r ^ ^ — ^ ^-^^M 

O nmTb^^ 1 7 O O nmtC:*3V ^ "C f^^'fM^T!)^ 3 X 1 Q ' 

[ ^ ^ CO |¥ T^ffl 5^ ] 

40 [ O O O 1 ] 

;*F — ^ PPM tci S o 
[0002] 

50 im^<7:>t^m^ ^^y^y<:^JzXJ^^^m^:^J:^':^^^mj^ 



3 

[0 0 0 3] ^<7:>mK> yt^mm-^^^m^ i^-n^i^m^^^ 

— tHi$s^. myt^. ^yt^. ^^rjim^i^:^£^^7b^^^^ 
[ o o o 4 ] z^zr ^^—mim^i-^. m^yt^i^ <m^yt 

^'^(7:>imyt^^<^^^mi^^^^ 
^<7ymytm^^mm-r ^ « 

[0005] J: ^ t*^. ytT ^ V l^— ^ 6 

f^, iHa'fc^Z. ^:r^-7=^— teJte^S. ^^^^ 4 . ^JctTJ? 

[0 0 0 61 1 :d^^co^t+^f^. 2 <^iM 

ytm:^^4: 5]^\Bi^\^r:^:xmyti-±^cc>^^t^yc^4 =^m<:> 
-xrmm^^. ^cr>—^:d^mK)yt^i^-x:wzj^^yt^4^m 
-r :7 7- ^ "7=^ — \nim^ 3 ^ o mK>yti^^y^ 

[0 0 0 7] ?te*3. ytw.± 7:)^i^cottimyf^ < i^mK> yt 
u < i^m^ yt<7:>mytz^\^^m^^i^mt:> i^tc 

--r b y ^ J>>m:^^ — y h CY-t-trium Iron Game 
I O O O 9 ] 

:t=sjzzj^m^yt^^^i:^m^^w:f3a-^^m'\±i^ii u 
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^) *3 J^TJ«^^*^*:^^2^6^7^i:^i^^^<b-r^=ee^<^3fe:r 
[oolol — :^^^co^ y ^^r—iBjm^. <myt^ 
i^^mmmm^'f-^vt^<7:>ytT^ v \^—^v±—m=^:^ h 

m^^Ji^^ ^<7:>rzLbt>X K)—m=':^ h t^Tb^Tb^^^ ii/^^Bg 

[oo 1 11 ^tcz^ v^^coz^ '^'^—\mm'=Fi^^ mmi^ 

[ O O 1 2 1 JgAJtco^ <t ^<7>^e^c7>ae<jf:i. m 1 

20 fc. 37:r inite^, *5jz 

m3t'. imyt^^\^\:!^i^m><^ <7:>yt^y<'^ 

[ O O 1 3 ] 

7^^yt(rymytmcc>^^mm^'^\^^m^^^^^mm.\^^ 

[ o o 1 4 1 iLT^ u< f^. mmi^^mmi^^ mmc^-mzco 
7<myt.^m^ye.^i:^\^i^m^^-^^ ^ ^ ^4#mi:-r^o 
[ o o 1 5 ] J: 19 L, < m-m.yt^i^i'^. >ef K y ^ 

40 [ o o 1 6 1 ^tiT^ u< j^. ^mf*:^;sfl^t^. YSjmiFf 
[ o o 1 7 ] m-^ u < i-x^ m^ytm'i^:i^ j::zj^mm^ 

[o o 1 8] ::l (7:> mm CO m (72> mmi^ J:. rLi^^ 4#^i^:Rc7:> 

:^my(L<7:>m ^ ytco^^miR^k^mm-f- ^^^mtRi±^m^ 

50 {M3t®^(Hl«5^-^^?^M3t^fls:^^ 



5 

[ o o 1 9 1 tLi-^ u< f*. mmi^^mm^^. mmm^<7:> 

So 

E0 0 2 2] J; <9^ff^ u< mmi^^mm\-^^ issjFf 

So 

[0 0 2 31 J::«9*?^U<f*. myL^:^ ^XJit^yL^\'X^ 

-Y^^^ K^-r ^>&— ^^^^j^<75J^^^rRit->fetu-r^ 

[ O O 2 4 ] J:: t) U < f*. m^mt'^'-C t: — ^, 

[ O O 2 5 ] J: 19 U< ^t^^*:. m 

[0 0 2 6] J: ^9 >£f?^ U < t*. <mz^^:S^^XJ^^yt^i'i^ 

^^^j^td^^v^-ris^-e. /e)--3)5tia^m.m^:g:c^ i 2 o o n 

m^e)^^ 1 7 O O n m *3 V ^ "C ?^^^>(5^^7i)5 3 X 1 O ^ 
^^-^ -Y^l^ K^-r >t7— >'?^Ji^c^J[p:^:;^|B]tci>?^ U-C^^- 
[ o o 2 8 ] u < 5^^,^t*-Y tf-— ^, 

S ^ i: ^i|#mi:-^So 

[0 0 2 9] J:'9^?^U<f*. -CR^^f*. ^mmi^:i=S\.^ 
-Cmm-X^^^ 7b^-^^miWmf^M(^ 1 2 O O nmT^^i^ ± 7 O 
O n mt^*5V^-Cr^^>^^7i)S 3 X 1 O " ' JLJJL "F S ^J'W 

So 
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TtiMfsffltg^^SriO 1 2 O O n m;^)^^ 1 7 O O n mtv^:*^V^-r 

3x10 " i^-F-xf^^ ^ <ir ^i|#m^-rso 

[00 3 1] J::«9^^U<f*. 3t^ffllH5S.f^. 
*5V^-Ci^^-e^ j5^-0^iB<Sffl^^«7:> 1200 nmTi^ib 1 
TOO nmf^*3V^-ri'^^^|^;5S 3x1 O }^~F(7:>^^ 

So 

[00 3 2] Uit355<>-r. JutT^f^. z^zr"^^ 

— Iel*5^. m-lii^*:. *5j;TJ«^;}x^:Sr«S 

10 fife^^^-rS3fe7'-Y V U ^ ^^tl^^ti^^i-m^t.}^^ 

[ O O 3 3 ] 

f ^ ^ 1^ — ^ f ^ u -c ^ <7) t5£ ^ as ^ 

20 ?feV^o 

[00 3 4] c^igcojf^^, 1 1 f^. ^<7)^m<7:>mm<7y 

mm 1 tc:J::S37 3r lHj«g^^£rm^6^{ci^U:^^Ig}-r=*> 

So 

[00 3 5] ^a:>^ir=^^^ — Iel*G^3 0f^. iKl 1 t^;^^-t- 
So 

[ O O 3 6 ] mm.zft.^i^ 3 O — 1 \< ])-ry 

30 h (Gadolinium Iron Garnet : JL^"F. G I G) ^fl^ 

^5:5St.^«s-rs ^ ^izix ^ «;5fe^^-cv^So 

[ O o 3 7 ] IS] 1 td^-r J: ^ iZL^ ~:7 y — ts]^^ 3 O 
So ^ c7)^mf*^Sfl^3 O — 2 C75^tgt»5^(ci J; «9 . 

^:^c^y^#+^^B£^^^f*:fv^^?5E^-^s :^ hi ^--e# So 

40 te^-^S ^ <b /i»5'5Jtg <t: /^So 

[GO 3 8] 3 O — 1 C75J^ ^ ^Ifgi^-r 

s. ^ u < 3 o — 1 \>^\^i^mm^^m'mw-M 

t+^c^<B^S^^tRe^t-t«]^^-l±-S ^ ^--eitgi: /.eSo 
^ ^t;^. 5^m^^f2^3 0 — 1 (F^^t;^^T|-^p^/^^m^^® 

ffi^[e]fe^-^s^ir*^<?5i^s*3 j;Tj«^<7)^^^m"j^^^s :^ 
<t:/e»s-e^ So 

50 [o O 3 9] \^-T\^^ iM3fe®^IHl$g^-^i:S;^#t3t<^^S* 
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[ o o 4 o 1 m2,'^^i^m7 \f±^ ^'m.^^<7:>7<ii^^<7:>myt 

-cm<t.^ (Ta.Os) (7:>^—^^^ ^t^mmi^^ lo 

u-r\.^^o ^<7:>^^^i^ 1^1^ 71^, ^^fc-^- y =1 

*3 J^TJ^gg^^b^t^^^-Ti^^^S^^J^t^^^S 1 o o o~ 2 o 

0 o n m<7y^^yei=^^M \^t^Jmi^^^^i^^mi^f^i^=^i>' 
100421 1^2 (7:>^m'mmT^\^^ l L (1 H 1 20 

L) ^ 21VI (IL 1 H) * 1 L-tf^*s>^iX^o ^ 

1 i^co ^ ^ ^ 

c^g^-fb ^- y =1 i/COJBjdS^g- 5^. 1+ 1 O^^StCi^® 30 

[ O O 4 3 1 ^ 1 000~2000 

n TTiCOm^z^^T^M-^ ^ ^ ^ 2 t^^-r ct td. T^T^^f^] 

1 5 O O n m<7)>Vtt^t^^7i>5B£M^^f*:p^-e^ig ^ 
<?^iS:'f^:fe ^ 1 2 5 O n m — 1 8 5 O n TTCOfJ^Mii^ 

[0 0 4 41 ig] 3 2^:0z(7^7^Myt<^<mytm(7^^^m 
[ o o 4 5 ] IE) 3 <7)^;aji^t^a^{^. 1 L ( 1 H 1 

L)*" 5. 21VI (IL 1H)*'1L "t?^:!:? ^ tl. ^ « 

[ O O 4 6 1 ^<r)^m^m^\^^-m: 1000~2000 

1 3 8 O n m:*o XJ^^^m 1 7 1 O n mCO^A^^^^CO^id^ 
ag^3t^^*:F^-tf5tt4gU. ^<7)7S:m:iS^^ 1 2 5 O n m~ 50 
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1 8 5 O ■n.ni.-^-<5(r>^^i^<7yp^M^\~^MWx^t\^^o ^cr> 

^f^. 2i^;g<7);A^#^3fecoiM3fe®<7)^^iS^frt)tciiHlte-rs 
I00471 Igi4f^. Igi3ti^i::^<2 m^<^^^zft<^M 

[0 0 4 81 m ^ <7:>^mmmm\^^ il (ih i 

2. 2]Vf IL 2M (IL 1 H) 1 L 

I O O 4 9 1 Cl <7:>^mmm^\^f^M l 000~2000 
TrL<7:>^^^^ 7^m-f- ^ ^ ^ [^4 fZl^-f-J; 5 {C. m^fffO 
1 4 1 O n m*3 i XJ^^^m 1 6 7 O n m<7);^#+3t CO^JS^ 
^^:^3fe^f*:P^-t?^^U. -^(^^iS^^Sj::^ 1 2 5 O nm~ 

1 8 5 o n.Ttt^-^<7:>^^m(r>7^M^\'XmWv^t\.^^ czco 

^ I^2CO#5►;g]^fli5^^;2*3V^-C 

:z -> -c t> . ^miv^K 2f^-m:<7:>7<myt<7:>mytm 

[00501 I2]5f^. [2|3tfW]l::,<2 Z^:&<7:>;\.M7t<^{^ 

[ o o 5 1 ] (r>^mmzmi^\-±. i l ( i h i 

L)'' 2. 3M IL 21V[ (IL IH)'' IL 
-e^:J:5^;ta.;S>o ^^fl^t^i^^^:h3-rSE^CO^^?^. 1^2 

[0 0 5 2] (7^^mmmm:i:if^:m: l 000~2000 

1 4 2 O n ra*D i O^l^T^^i^ 1 6 9 O n m CO;^.#+5fe60 ^id^ 
^^^fe^^P^-r^^^lg L. -^COi5'f^:fc 1 2 5 O n m~ 

1 8 5 O n rra^-<:: {7)^S:S:JlK<7)>^t^^^:±a^ltFf ^(7) 

^ ^ v^—-:^ 3 ^-jj^s^^T^j^^. IE] 4 co^mmmmi:^:^^^-c 

^t^ct«9. E14 {7):^-a'<?r 2^:&{7);^#t^{7)<M^ 
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[0 0 5 41 me (7:>^mf^mmt^^ il (ih 1 

D" 2. 2IV[ IL IH (IL 1 

[ O O 5 5 ] ^ CO^mmm^i^^M l 000--'2000 

1 4 5 O n m*3itJ«lS:S:?^ 1 6 2 O n mCOT^Mjftcr^^Tb^ 
m^yt^P^f^-^-^m\^. ^(T^iS-B^^Sjl^ 1 2 5 O nm~ 
1 S 5 O Tim^-X?<7:>i^:m:^<^^M^i-±mm^i^^^ 

^^^f*:F^ tzif^^iz^cp^m^*:^ ^ ^mm-r ^ en ^ *^ 

So 

[ o o 5 7 ] El 7 <7:>^mmmm\'±^ i l c i h i 

L) 2. 2JV1 4L 2M (IL 1 H) ^ IL 

[ O O 5 8 ] ^ <7:>^mmmmi^^:m: l 000~2000 
nmCOm^^^SKlk^-r^ E] 7 {Cl^-r J: ^ tvT. 

1 3 3 O n 1 5 3 O n *5 JltlK^^S^ 1 7 

6 o n m(75;^#t5tco^;i>5i^m5fe^f*p^-e*i!g 

<:fc-ei 250nm---'l SSOnm^ "I: (7^ :S: isg (7:> ^ 

So 

:7 -7- 3 o ^ffiu^-c{M^s^in]$^-e^ s 

*5 jit/Mm<^^sM 3 o — 2 (7:>jm ^ j^zj^mm^mm-r 

■y ^-7"— [Hi*5^ 3 o f^. m^zM:.^{^ 3 o — 1 aomm\^w. 
m. ^ r^tz^mmw^mm 30 — 2 co^tMt^^atci «9 . ^— 
m^cr^^^j: ^-rmmm.:m:(7^^m^^m^yt^i^ 30 — 2 

[ o o 6 1 ] ^7^:1. m^yt^i^ 3 o — 1 *5 itLK^mi*^ 



6 ) 2003 — 248193 

10 

^^3 o — 2 f^i: ^t'?i^fl^«3i^-c^'o-c. m^^mmm 

<9 . 3 O — 1 . ^mf*:^iSJ!^ 3 O — 2 . X 

xj^-mm-^m-^'^i^^t::^ ^ ^ [ni^^ 3 o co7\^mi\:,^ 
3 o comm^m%^mmi\i-^^=^ So 

loo 6 2] C^Jfe<7)?f0^ 2]E1 8 *3 J^TJ«E1 9 ^ 

10 [00631EI8 <r>tft.'r^ V 6 O a f^. ^JS<7?JF0 

^1 td^UT^^^r lHl$K^3 0<7)MmiJfdim3fe^2 O 

*3j^tJff:|^3fe^4 O ^BaSU. ^ ^(CH^t^<*:5 ^_b-F;e»>^ 
U 7^^4»5^ ^ -c U ^ S o 

too 6 41 mm.o:>'mm\ \i^^\f^-cm.m\^t:^^=i>\^^ :7 

— m^^ 3 O ^m^^^i^Ayt^^-T ^ V L- — -5^ 6 O a f^. ^ 

20 [ O O 6 5 ] imyt^^ 2 0*5iTJf4^5fe^ 4 O f^i$^^ -^^i^ 
K^-TiJ^:* — (Diamond-Like Carbon : :6jt."F. DL 

loo 6 6] JejL_t{z: J: . ^ :r lHl*K^ 3 O 

J:: vj) ^f2^>fb-r S ^ <?= -e. V l^— 6 O a CO^J^^-fk 

So 

[ O O 6 7 ] El 9 (7:>ytT^ V ^ 6 O b f^. -K^+^f*: 5 

-mB^^ffl\/^-C\/^So E] 9 td^-r J:: td. 3feT'--r^/i- 

6 O b f^. ::i tT^'^+^'f*: 5 O ^imyt^ 2 O J^TLK^^5t^4 

o co^m t^ssM u /dt^is ^ -r 1/ ^ s o 
-ciS^-efeSTti?). ^M^<?)^ss^tdBam-rs :z ^ >6SnT 

fg-irfeSo 

40 [0069] :r(?^/czi!6. {M7t^2 0, ^ :r ^-5^ — ini$^^ 
3 0, ;f^^^4 O {c:;'3D;t.-r5l^tii*: 5 O El 9 f^ii^-T J; 

*9 . 5tT--r V ^ 6 O b V l-- — ^ 6 O a tClirh 

/czMi^icm'b «9 — ^^^^-fb-e^ So 
10 0 7 01 immcnmm3'\m-L o\~±^ :^<7^^e^<o^jSi 

<7:)?F0i^ 3 {c S^3fe^<7:>f^Migm^^^&^fd^ Ui^ciEJ-e 

*>So 

50 [0 0 7 1] ;:i<7)<^3te^f^. D L C^JI^ 1 1 tC^4675^^ 
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[0072] I^IO tci^-^- J:: 5 ^-^D L C^l^ 1 1 

^ :rcL yi- ^^i^i--^ <7> -Y ^ tr — -e^:^ ^ tr 5 o 
•^^^ 1 2 <7)^ig^fP5>^ia-:p-r-f ^i-- tr— ^<7:>H^#^^^ 
t:J-:^c^^|5^f^. 1 1 — 1 CO J: ^ f-®t»f ^jS^^-fb-T — 

^ ^ J; D L C?lfJ^l 1 0®^^^:flT^^J^iNl-r^^ <t 

[0 0 7 3] ?fc*3. Ttc^^^^D L C^fl^td-r ^i/fl^:#t 20 
^fT>^^ 5» ^ <ir fd J: «9 ^<7)^tFf^^ 2 . 0;e»^^2. 5 
COfS|lBP*g-lr^;^^#^ :!! ,b f:i^ Diamond and Related Mate 
rialssfe<7) 1 9 9 8 7-^4 3 2 M>e>^^ 4 3 4 Mtd 

#+^^T?te ^ ^ ^ td J; t:) -^CT^^tff^^ 2 . Oti^^'Z, 5fM 30 

2. 5nm. ^S>®4fT^;B (;Bg4^^^2. O) ^ 1 ;g 1 9 
O. 6 3nm<t:U-r. ^2 5S. ttSOS^^StCl^® 
U/czD L C?*fl^tCl. 6 5 ^CO^#t:^-e^^ 1 O O O n m 
~ 2 O O O n mC05!r^3t^^#+-t-^ V ^ M^^^-C^t'^o 

[00 7'5]|K]11J::'::). ISOOn mtd^V ^-C^z^m 40 

[0 0 7 6] f5kfd. D L C?*flM(7:>'^^S^^-^#=^d-o^/^-C5^!^-^ 

^-^^^^IJffi U7":^^^C V D (Chemical Vapor- 
Deposition) ^ U EB (Electron 
Beam) mM^-. T — ^^^^^^Z^^X^ — ^ ^ (.Z^ ^ 50 
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^^4^{d^*tdi^^-^^^ ;5 ^ ^ . *3 J:: tJ^J^Jp:;^^ 2 O M m 

[ O O 7 7 ] ^tT^*R5^>^^ C VD^-etT^^otfeJ^^-f^ 

mmm^m^:, 2 O O^. JEE^^ 1. 3X10*~1. 3 

X 1 o - • p a . j!^3^j*rj:?.-efc-2> -J'' ^^<r>mA.^ i o o s 

ccixitU-C. *^1000 W<75m^-e 13. 56 z 

[ o o 7 8 ] ±.m<^r^m^i^-^i¥mi\^t:LTi l czm-mk^^ 

^ r. td Jn «9 . D L c?ISJ^<7:>®l?f^^^^b^^Jr>& ^ 
[GO 7 9] JjJl._b<7) J: 5 fd, ^*fe<?:>?f^^ 3 td ctixf^. D 

[ o o 8 o ] immcomm 4 ] i 2 1^. 

J=<r-^c VD^':fe^ffiv^-c^g^^df^M^;i^.:fcD L c^fl^«7:>^ 

J^f^. 1. 5 rxiixi/^<7)>tr^:;<.^tR_b(d 1 . o fz Til <7:>m^ 
-Trr^m^ri.-T:h^^^ /^*5. r. cod l cppfl^f^. mm.<7:>m 

[ o O s 1 ] 1 2 {d^-r J: o td. ^ts3'f-^M^;H./ciD L 

C^*fl^{^. ^M<Hffl^^S^^^J>tS::^ 5 O O n rxiTi^f^ 2 O 
O O n m(755ttd>Pt U-r . 1 O O % tdifi V if#l^ ^ 

^-r^c ?te*5. IS] 1 2 (7:>^^3gigi{#tif^. DLC?WB^<7) 

+^*ffi<t: co:^^®. fd*3t:t ^^#+co^^^-t--<-r^ «9 ^ 
[0082] [^i3f^. mx 2, coiflij:^^m^ ^ ^ tdsta^ 

[ O O 8 3 ] IKI 1 3 td^-t-J; ^ td. ^tHj^^M^^Jx/-- D L 

cmm\-x^ t^^ :^i-£z^mmm^m^'^\-^t::Lit&^-L soon 

m(djev^-C -^4fr^n=l. 5 5, ^'^^'^^ k = 4 . 4 

8X 1 0-'-T?fc^:^^ /55:f^;^)^^o 

[0 0 8 4] — D L CCO^^^i^#+^^^RiJ:^ U/ci:^iScO 
f^^&tJ>te::S:^ ^ l--C. Diamond andRelated Materialsfife 
(02 0 0 0 9-^1 7 5 8M?i^^l 7 6 iM/i^fc 

^ CO:5z:S^tdt^, i^^a 1 5 O O n mtd:fet-t L ceo 

®M3i^^{dM-r^^'— ^ ^ u-r. ----y ^^^-r ^^/^ 1 . 

OXIO"^ c m- BSM U/ci^<7)r> L CC0^1{X^^75S*ir*fe 
^iT^-CV^-So ^<^D L C<75EKli5l>^^^^ld, i^:^ 1 5 O 
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0 rxTni:Li3i^ ^mm^mi^ ^WflSS^L^T:^ ^ k = 4X 

1 O ~ ^ ^^^^-^Tc^ 

[0 0 8 51 ]^r:i7^^-^-C. ^\B}<'^m^^r:zDl^cmJ^ 
a'fciffi^Hffi^i©:^ 1 5 O O nmtv^43V^-r. ttfe 

:ft;6S 1 5 O O n m<7:)^5fe ^"^1 20 0nm>5^e>l TOO 
1 O - ' K> tSv ^ 3 X 1 o - ' J^-r-C^ ib^m 1 3 

[0 0 8 61 v^m\^tii\^^mtx.T:L^^^m-^ 
[ o o 8 7 J ^[Him^^t^r::^mm<7:>mmi:^--^^'^(^j^'^ 

I O O 8 8 1 

;5^<3=i;:^ h ^rp;^^ r. <b nTt^i: /^;S>o ^Tz.^ 
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